Abstract -In the period around parturition, cows experience an increased susceptibility for the development of Escherichia coli mastitis. This increased susceptibility has been correlated with a decreased functionality of neutrophils. In the current study, it is suggested that the decreased neutrophil functionality may be induced by the extensive alterations in sex steroid levels occurring around parturition. It was first hypothesized that 17β-estradiol and progesterone influence the viability, apoptosis and necrosis of blood neutrophils from cows in their last month of gestation. Subsequently, it was hypothesized that 17β-estradiol modulates the expression of CD11b, CD18 or CD47 thereby explaining its influence on the migration of bovine neutrophils. Neither 17β-estradiol nor progesterone significantly influenced viability, apoptosis or necrosis in spontaneous apoptosis conditions. However, when apoptosis was induced with TNF-α and gliotoxin, progesterone exerted a survival effect (P < 0.05). In addition, 17β-estradiol treatment of bovine blood neutrophils significantly decreased the expression of CD47 (P < 0.05) but not of CD11b or CD18. It can be concluded that 17β-estradiol and progesterone do not affect spontaneous apoptosis of bovine blood neutrophils while a survival effect was observed for progesterone on induced neutrophils apoptosis. Moreover, our results concerning the influence of 17β-estradiol on the CD11b, CD18 and CD47 expression extend previous demonstrations of the suppressive effect of 17β-estradiol on neutrophils migration and indicate that the altered expression of CD47 may contribute to this phenomenon. sex steroid / β 2 -integrin / CD47 / viability / polymorphonuclear neutrophil leukocyte
INTRODUCTION
The susceptibility of dairy cows to infectious diseases is significantly increased around parturition and during early lactation. Severe clinical Escherichia coli (E. coli) mastitis with systemic symptoms typically occurs in these periods whereas during established lactation, coliform mastitis is a moderate and self-curing disease. It is well recognized that this increased incidence is related to a decreased function of the immune system [3] . Among the immune cells affected in the period around parturition, polymorphonuclear neutrophil leukocytes (PMN) have been of particular interest since they play an important role in the defense against E. coli. Several reports 62 I. Lamote et al. concerning the functional capacity of PMN during the periparturient period have been described (reviewed by Diez-Fraile et al. [8] ). Despite some conflicting results, it can generally be concluded from these studies that almost all important PMN functions are compromised at some time during the periparturient period. Although the exact causes for a compromised PMN function are not fully understood, they are believed to be at least influenced by the hormonal changes associated with pregnancy, parturition, and the onset of lactation.
Parturition and the onset of lactation comprise extensive alterations in sex steroid levels. 17β-estradiol levels rise steeply in the last week before parturition, peak in the last three days before delivery, fall rapidly after calving and regain basal values. The high concentration of progesterone, associated with pregnancy, declines at the end of gestation and a dramatic fall occurs in the last two days before delivery [1, 2, 23] . It is suggested that the extensive alterations in 17β-estradiol and progesterone levels might be responsible for the induction of a compromised immune response around parturition.
In view of this hypothesis, the effect of sex steroid hormones has previously been determined for some PMN functions [13, 29, 33] . The exact influence of sex steroids is, however, still incompletely understood. Indeed, their effect on viability, apoptosis and necrosis and on the CD11b, CD18 and CD47 expression of PMN is only poorly documented and reports are limited to human PMN [7, 11, 17, 22] .
A positive influence of endogenous sex steroid levels on the viability of human PMN has been suggested since a delay in spontaneous apoptosis is observed in women of reproductive age compared with agematched men [22] . Moreover, apoptosis of PMN from women at the end of pregnancy is extensively delayed [37] . Evaluation of the administration of 17β-estradiol and/or progesterone to human PMN confirmed this suggestion. Physiological doses of 17β-estradiol and progesterone caused a delay in spontaneous apoptosis [22] .
In addition to their direct influence on the viability of human PMN, sex steroid hormones can also indirectly act as survival factors. It has been described for 17β-estradiol and progesterone that they can reverse apoptosis of monoblastoid cells induced by pro-apoptotic modulators such as TNF-α [36] . Evidence for a role of steroids as survival factors in bovine PMN is scarce and limited to glucocorticosteroids [5, 19] . Moreover, whereas TNF-α can induce apoptosis of human PMN, it is difficult to reproduce this effect for bovine PMN. However, in combination with the NF-κB inhibitor gliotoxin, the limited pro-apoptotic effect of TNF-α can dramatically be augmented [25] .
Apart from viability and apoptosis, PMN migration is another important parameter in the outcome of mastitis. Upon infection, PMN need to migrate efficiently from the blood towards the mammary gland. PMN migration is an essential component of the dynamic (inflammatory) phase of the innate immune defense. Apart from the PMN influx from blood, the number and function of PMN that pre-exist in the mammary gland before infection is also correlated with the outcome of mastitis. These resident milk PMN, i.e. PMN not stimulated by inflammatory mediators, represent the static phase of the innate immune defense and are responsible for a fast response of the immune system against invading pathogens [3, 4, 15] .
In order to reach the mammary gland, circulating PMN have to attach to the endothelium and migrate (diapedesis) from the blood through the endothelium, extracellular matrix and mammary epithelium to the site of infection following a chemoattractant gradient. Adhesion molecules are involved in this process. Among the latter, the β 2 -integrin subunits CD11b and CD18 are of critical importance for migration of bovine PMN through collagen and epithelial cells [32] . Additionally, an integrin associated protein termed CD47 has more recently been shown to play an important role in the migration of human PMN through intestinal epithelial cells and collagen [18] . The presence and the importance of CD47 for migration has, however, not yet been reported for bovine PMN.
Concerning the influence of 17β-estradiol and progesterone on PMN migration, studies agree for 17β-estradiol but not for progesterone. Indeed, studies report a negative influence of 17β-estradiol on the migration of human [14, 21] and bovine PMN [16] whereas the influence of progesterone is less clear. In order to gain insight into the suppressive effect of 17β-estradiol on PMN migration, its influence on the expression of CD11b, CD18 and CD47 should be evaluated.
In this study it is first hypothesized that 17β-estradiol and progesterone influence PMN viability, apoptosis and necrosis. It is suggested that these sex steroids can exert their influence either on spontaneous apoptosis or that they will delay apoptosis and necrosis induced by TNF-α and gliotoxin.
Subsequently, it is hypothesized that 17β-estradiol influences CD11b, CD18 and CD47 expression, thereby explaining the influence of 17β-estradiol on PMN migration. Before this analysis was performed, the surface expression of CD47 was determined and the importance of CD47 for migration of bovine PMN was assessed.
MATERIALS AND METHODS

Animals and blood sample collection
Clinically healthy Holstein cows in their last month of gestation (8 to 30 days before parturition) were selected. Five cows were used to study the influence of 17β-estradiol and progesterone on the viability, apoptosis and necrosis of PMN and six other cows were used for the assessment of the effect of 17β-estradiol and progesterone on TNF-α and gliotoxin induced apoptosis and necrosis (experiment 1). Seven cows were used to evaluate the importance of CD47 for PMN migration (experiment 2). Finally, seven cows were used to determine the influence of 17β-estradiol on the expression of CD11b, CD18 and CD47 (experiment 3). Blood was collected via venipuncture of the jugular vein using 60-mL sterile tubes containing 30 mL Alsever solution as an anticoagulant.
Isolation of PMN
PMN were isolated using a method described by Roets et al. [28] . Briefly, after removal of the plasma and buffy coat, erythrocytes were lysed with NH 4 Cl and the cell pellet was washed twice. The cell pellets comprising isolated PMN were then resuspended and the cell concentration of the suspension was determined using a Coulter counter (Coulter counter ZF, Coulter electronics Ltd, Luton, UK). The purity of the PMN isolates was determined light microscopically by differentiation. At least 85% of the isolated cells were PMN. Contaminating cells were mainly eosinophils and to a lesser extent lymphocytes.
Incubation of PMN
with 17β-estradiol, progesterone, TNF-α and gliotoxin
In a first experiment, PMN were incubated with 0.01, 1 and 10 ng/mL 17β-estradiol (1,3,5(10)-Estratriene-3,17β-diol) or with 5, 50 and 500 ng/mL progesterone (4-Pregnene-3,20-dione) during 24 h at 37 °C (experiment 1). The influence of 17β-estradiol and progesterone on the viability, apoptosis and necrosis was assessed after 1, 3, 6 and 24 h of incubation. In order to evaluate the influence of 17β-estradiol and progesterone on the TNF-α and gliotoxin induced apoptosis and necrosis (experiment 1), PMN were simultaneously incubated with 0.1 µg/mL gliotoxin (Sigma Chemicals Co., St. Louis, USA), 10 ng/mL recombinant bovine TNF-α (Endogen, Pierce Biotechnology, Rockford, IL, USA) and 1 ng/mL 17β-estradiol or 50 ng/mL progesterone. The influence of 17β-estradiol and progesterone on the TNF-α and gliotoxin induced apoptosis and necrosis was assessed after 1, 3 and 5 h of incubation. For the evaluation of the influence of 17β-estradiol on the CD11b, CD18 and CD47 expression (experiment 3), PMN were incubated with 1 ng/mL 17β-estradiol during 3 h at 37 °C.
Flow cytometric analysis of PMN viability, apoptosis and necrosis
Viability, apoptosis and necrosis of bovine PMN were quantified using a dual-color flow cytometric procedure as described by Van Oostveldt et al. [35] . Briefly, exposed phosphatidylserine was stained with fluorescein isothiocyanate (FITC) coupled Annexin V (Roche Diagnostics, Basel, Switzerland) and cellular nucleotides with propidium iodide (PI) (Sigma Chemicals Co.). Fluorescence was quantified using a FACScan flow cytometer (Becton Dickinson Immunocytometry Systems, San José, CA, USA). PMN were gated on dot plots representing cell size based on forward light scattering and granularity based on side light scattering. Viability, apoptosis and necrosis were determined by plotting log FL2 (PI) versus log FL1 (Annexin-V-FITC). Quadrants were set on resulting plots, separating Annexin V-PI negative cells (viable cells) from Annexin V positive, PI negative cells (apoptotic cells) and Annexin V-PI positive cells (necrotic cells). Data were corrected for autofluorescence which was defined as the fluorescence associated with non-labeled freshly isolated PMN.
Analysis of 17β-estradiol and progesterone plasma levels
Plasma was removed after the first centrifugation step of the PMN isolation procedure and was stored at -20 °C. Plasma levels of 17β-estradiol and progesterone were determined using a radio-immunoassay technique according to Henry et al. [12] . Briefly, the plasma concentration of 17β-estradiol was measured after extraction with diethylether without further purification, using an antiserum against estradiol-3-hemisuccinate-BSA raised in sheep. The plasma concentration of progesterone was measured after extraction with petroleum ether without further purification, using an antiserum against progesterone-11-hemisuccinate-BSA raised in sheep. The detection limit in bovine plasma for 17β-estradiol and progesterone was 20 pg/mL and 0.5 ng/mL, respectively. The intra-and inter-assay coefficients of variation were 5.75 and 8.30% for 17β-estradiol and 7.05 and 8.75% for progesterone.
Flow cytometric analysis of the CD47, CD11b and CD18 expression on the surface of bovine blood PMN
The surface expression of CD47, CD11b and CD18 was determined using an indirect immunostaining protocol as described by Dosogne et al. [9] and Roets et al. [28] . Isolated PMN were suspended in RPMI 1640 with 1% BSA and were incubated for 30 min at 37 °C with 100 µL control solution (RPMI 1640 with 1% BSA) or 100 µL of the primary antibody anti human CD47 (clone BRIC126, MCA911, Serotec, Oxford, UK), anti-bovine CD11b (clone CC126, MCA1425, Serotec) or anti-bovine CD18 (clone MF14B4, gift from J.J. Letesson) diluted in RPMI 1640 with 1% BSA. After incubation, the cells were centrifuged (200 g, 10 min, 4 °C), washed and labeled with 100 µL FITC-labeled secondary antibody (STAR9B, Serotec), diluted in a control solution, during 30 min in the dark on ice. The cells were centrifuged (200 g, 10 min, 4 °C), washed, stabilized with 1% paraformaldehyde in PBS and kept at 4 °C in the dark until flow cytometric analysis. PMN were gated on dot plots representing cell size based on forward light scattering and granularity based on side light scattering. The gating of the PMN population was refined by defining the PMN population with the CH138 monoclonal antibody (VMRD Inc., Pullman, WA, USA), an IgM isotype antibody that specifically recognizes PMN. For this purpose, another aliquot of the cell suspension was labeled with the CH138 antibody as described for labeling of PMN with CD47, CD11b and CD18 antibodies. All data were corrected for autofluorescence as well as for non specific binding. In order to eliminate non specific binding, an isotype matched control (mouse IgG 2 , MCA691, Serotec) and a negative control (only FITC labeling) were included. Gates were set to exclude 99% of the fluorescent cells in the negative and isotype matched control. Thus, positively stained cells were defined as those with staining intensity brighter than those exhibited by 99% of the isotype and negative controls.
Remaining PMN were used for the assessment of the CD47 expression by fluorescence microscopy. Nucleotides were additionally stained with 50 µL PI during 20 min at 4 °C to visualize the nucleus and then washed three times with PBS (200 g for 10 min at 4 °C). Slides were prepared by cytocentrifugation (700 g for 5 min, room temperature) and evaluated with a fluorescence microscope (Zeiss, Oberkochen, Germany).
Preparation of the in vitro diapedesis model
In vitro models were prepared as described previously [16] . Briefly, bovine mammary epithelial cells were isolated, purified and cultured as previously described by Smits et al. [31] and Cifrian et al. [6] . Membrane inserts (12-mm diameter, 3 µm pore size, Millicell-PCF, Millipore Corp., Bedford, MA, USA) were coated with a commercial 0.1% calfskin collagen (type I) solution (Sigma Chemicals Co.) by adding 100 µL of this solution to both sides of the inserts. The inserts were dried overnight at room temperature under a laminar air flow. Inverted collagen coated inserts were placed in sixwell tissue culture plates with both surfaces bathed in an 8 mL culture medium. The epithelial cell suspension containing 3 × 10 5 cells per mL was seeded on the the inserts and the inserts were kept in a 5% CO 2 incubator at 37 °C. The confluence of the epithelial cell layers was determined by measurement of transcellular electrical resistance (TER) using an Ohm meter (World Precision Instruments, New Haven, CT, USA). Collagen coated inserts and collagen coated inserts with fibroblasts served as a control for TER measurements. TER values higher than the baseline values measured for models with fibroblasts or collagen were considered to be due to the confluence of the epithelial cell layer. Inserts with TER higher than 900 Ω × cm 2 were used in the experiment as values of 800 Ω × cm 2 and higher have previously been shown to give a good resistance against trypan blue diffusion during more than 180 min. Differences in TER between inserts used for control, anti-CD18 and anti-CD47 were kept minimal within one cow (not higher than 147 Ω × cm 2 ) and between cows (not higher than 540 Ω × cm 2 ).
Preparation of Zymosan activated serum
Zymosan activated serum (ZAS) was used as a chemo-attractant and was prepared as described previously [16] . The concentration of C5a in ZAS solution was determined using an ELISA as described by Rainard et al. [27] and found to be 456 ng/mL.
PMN diapedesis assay
The PMN diapedesis assay was performed as described previously [16] . PMN were pretreated with antibodies to human CD47 or bovine CD18 (positive control) [32] during 30 min at 37 °C before being added to the upper chamber of the in vitro diapedesis model. Inserts were placed upright in 24-well plates. 2.5 × 10 6 PMN were added on top of the inserts and stimulated to migrate across the membrane by the chemo-attractant ZAS, added in the lower well of the model. The 24-well plates were then placed into a 37 °C incubator with 5% CO 2 . Collagen coated inserts, were removed after 2 h and the migrated PMN were counted in the lower well of the 24-well plates using a Coulter counter. Since PMN do not migrate as efficiently through models with epithelial cells, the duration of migration was increased with 30 min.
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Statistical analysis
The effect of 17β-estradiol and progesterone on the viability, apoptosis and necrosis was evaluated by a mixed model with the cow as the random effect and the treatment, time and their interaction as categorical fixed effects. The same statistical analysis was used to evaluate the effect of 17β-estradiol and progesterone on TNF-α and gliotoxin induced apoptosis and necrosis. The influence of endogenous 17β-estradiol and progesterone levels was determined non parametrically by means of Spearman rank correlation coefficients. The influence of blocking antibodies for CD18 and CD47 on the number of migrated PMN was evaluated by a mixed model with the log 10 of the number of migrated PMN as the response variable and cell layer and blocking antibody treatment as fixed effect factors. The two treatments were compared with the control using the Dunnett multiple comparisons technique at an overall significance level of 5%. The influence of endogenous 17β-estradiol levels and 17β-estradiol treatment on the CD11b, CD18 and CD47 expression was evaluated by the Wilcoxon signed rank test, using the within cow difference between the two treatments (control and estradiol), because the normal distribution assumption did not hold.
RESULTS
Influence of 17β-estradiol or progesterone on bovine blood PMN viability, apoptosis and necrosis
The influence of endogenous 17β-estradiol and progesterone levels on viability, apoptosis and necrosis was first evaluated. Plasma concentrations of 17β-estradiol ranged from 8 to 53 pg/mL with a mean value of 31 ± 4.5 (SEM). Plasma concentrations of progesterone ranged from 1.00 to 2.15 ng/mL with a mean value of 1.50 ± 0.14. Viability, apoptosis and necrosis were not correlated with the endogenous 17β-estradiol and progesterone levels (P > 0.05) (n = 11).
Bovine blood PMN were then incubated with different concentrations of 17β-estradiol and progesterone during 24 h. At 1, 3, 6 and 24 h, viability, apoptosis and necrosis were assessed. Incubation with 17β-estradiol or progesterone did not affect viability, apoptosis or necrosis (P > 0.05) (n = 5) (Tab. I). Viability, apoptosis and necrosis of bovine PMN changed only over time (P < 0.0001). The non viable PMN population consisted mainly of apoptotic cells in all treatments. Within the first 6 h, the percentage necrotic cells did not exceed 3.4% whereas the overall percentage apoptotic cells was 3.05, 6.14 and 14.78% after 1, 3 and 6 h of incubation, respectively. After 24 h the mean value of percentage apoptotic cells (43.16%) was still extensively higher than that of percentage necrotic cells (14.13%).
Subsequently, bovine blood PMN were incubated with 17β-estradiol or progesterone and a combination of TNF-α and gliotoxin. After 1, 3 and 5 h of incubation, viability, apoptosis and necrosis were assessed. Viability, apoptosis and necrosis were significantly influenced by the addition of TNF-α and gliotoxin (P < 0.05) (n = 6). In addition, progesterone induced an overall significantly increased viability (P < 0.05) by significantly delaying apoptosis induced by TNF-α and gliotoxin (P < 0.05) (n = 6). This effect was not observed for TNF-α and gliotoxin induced necrosis. 17β-Estradiol had no influence on either induced apoptosis nor necrosis ( Fig. 1) (P > 0.05) (n = 6).
Expression of CD47 on the surface of bovine blood PMN and importance of CD47 for the migration of bovine PMN
Expression of CD47 on the surface of bovine blood PMN
The expression of CD47 on the surface of bovine blood PMN was assessed by flow Sex steroids and bovine neutrophil function 67 cytometry. A clear expression of CD47 was observed ( Fig. 2A) . The mean fluorescence intensity (MFI) for CD47 was 64 ± 12 (SEM) (n = 7) after subtraction of fluorescence associated with the autofluorescence, isotype matched control and secondary antibody control. The mean MFI values for CD11b and CD18 (positive controls) were 104 ± 12 and 102 ± 8 (n = 7), respectively. The CD47 surface expression was confirmed by fluorescence microscopy. FITC and PI staining were used to visualize the CD47 expression and multilobulated morphology, typical for the PMN nucleus, respectively. CD47 was present in clusters on the cell surface of PMN (Fig. 2B ). Background staining for FITC was minimal in the isotype matched control and secondary antibody control samples.
Importance of CD47 for migration of bovine PMN
The importance of CD47 expression for migration of bovine PMN was determined in an in vitro model which consisted of collagen coated inserts with or without bovine mammary epithelial cells. Migration of PMN through collagen was significantly reduced after incubation with anti-CD47 (P < 0.05) or anti-CD18 antibodies (positive control) (P < 0.05) (n = 7). Addition of anti-CD47 or anti-CD18 antibodies resulted in a 38% ± 24 (SEM) and 78% ± 11 reduction of PMN migration, respectively. Migration of PMN through collagen with an epithelial cell layer was not significantly reduced after the addition of anti-CD47 or anti-CD18 antibodies (P > 0.05) (n = 7).
Influence of 17β-estradiol on CD11b, CD18 and CD47 expression on bovine blood PMN
The influence of endogenous 17β-estradiol and progesterone levels on the CD11b, CD18 and CD47 expression was first evaluated. Plasma concentrations of 17β-estradiol ranged from 17 to 136 pg/mL with a mean value of 49 ± 17 (SEM). Plasma Figure 1 . Influence of 17β-estradiol (E) and progesterone (P) on TNF-α and gliotoxin induced apoptosis and necrosis. * Denotes a significant difference at 5% global significance level.
progesterone concentrations ranged from 0.75 to 1.45 ng/mL with a mean value of 1.24 ± 0.09. No significant influence of endogenous 17β-estradiol or progesterone levels on the expression of CD11b, CD18 or CD47 of bovine blood PMN was found (P > 0.05) (n = 7).
Bovine blood PMN were then incubated with 17β-estradiol during 3 h and the influence of 17β-estradiol treatment on CD11b, CD18 and CD47 expression was evaluated.
17β-Estradiol had no significant influence on the expression of CD11b or CD18 (P > 0.05) (n = 7). In contrast, the expression of CD47 decreased significantly after 17β-estradiol treatment (P < 0.05) (n = 7). In Figure 3 , the individual MFI values for CD11b, CD18 and CD47 expression are shown for untreated and estradiol treated samples. The median of the paired difference in MFI values was -1.55 for CD11b, -4.45 for CD18 and 5.96 for CD47. 
DISCUSSION
In a first analysis the effect of 17β-estradiol and progesterone on PMN viability, apoptosis and necrosis was evaluated. There was no correlation between the viability, apoptosis or necrosis and the endogenous 17β-estradiol or progesterone levels at the time of sampling. In analogy, in vitro treatment with 17β-estradiol or progesterone did not result in a significant direct effect of these sex steroids after 1, 3, 6 or 24 h of incubation for any of the concentrations used. Apoptosis increased with time at the same rate for all treatments, whereas the increase of necrosis was limited. Since PMN were isolated from cows in the last month of gestation, no effect of 17β-estradiol and progesterone might have been observed due to the fact that blood PMN are exposed to high progesterone and relatively high 17β-estradiol levels at the end of pregnancy.
The literature on the direct influence of 17β-estradiol and progesterone on the viability of blood PMN is restricted to apoptosis of human PMN and reveals conflicting results. Cox [7] and Liles et al. [17] report that progesterone has no influence on the apoptosis of blood PMN, whereas Molloy et al. [22] describe that physiological doses of 17β-estradiol and progesterone cause a delay in PMN apoptosis. In the latter study the combination of 17β-estradiol and progesterone was additionally evaluated for its influence on viability, apoptosis and necrosis. Despite their individual influence, no synergistic or antagonistic effect was observed for these sex steroids [22] .
Since no significant effect of 17β-estradiol and progesterone was observed on spontaneous apoptosis, the effect of both sex steroids on induced apoptosis was subsequently evaluated. Incubation of bovine blood PMN with TNF-α in combination with gliotoxin was used to induce apoptosis. TNF-α is one of the most important orchestrators of inflammation. However, when evaluating the effect of this cytokine on the lifespan of PMN one should be aware that it can exert either anti-or pro-apoptotic effects depending on the concentration, time of exposure and cell type [24, 34, 38] . The evaluation of the effect of pro-apoptotic doses of TNF-α on the lifespan of bovine PMN resulted in a slight, albeit non significant stimulation of apoptosis [25] . Gliotoxin, a potent and specific inhibitor of NF-κB, has previously been shown to sensitize cells to the pro-apoptotic effects of TNF-α [38] . In analogy, Notebaert et al. [25] observed an extensive increase in the rate of bovine PMN apoptosis after incubation with TNF-α and gliotoxin. We observed a significant decrease in viability associated with a significant increase in apoptosis and necrosis after incubation with TNF-α and gliotoxin which was in agreement with the study of Notebaert et al.
The co-incubation of bovine blood PMN with 17β-estradiol or progesterone and a combination of TNF-α and gliotoxin, resulted in a significant survival effect of progesterone. These results were in agreement with the study of Vegeto et al. [36] and Gandolfi et al. [10] where TNF-α-induced apoptosis in monoblastoid cells and anterior pituitary cells was delayed by progesterone. However, Vegeto et al. also report a survival effect for 17β-estradiol, which was not found in our study nor in the study of Gandolfi et al. [10] . The latter authors found a synergistic effect for 17β-estradiol on TNF-α-induced apoptosis [10] . As it has been described that effects of steroid hormones are highly dependent on the cell type and cell differentiation state, these differences may be responsible for the noticed dissimilarities [20, 22, 36] . To the best of our knowledge, the influence of 17β-estradiol or progesterone on TNF-α induced apoptosis has not yet been described for bovine blood PMN. One study assesses the influence on Fas-induced apoptosis of human PMN and reports that 17β-estradiol nor progesterone affect Fas-induced apoptosis [22] .
We and other authors previously observed that 17β-estradiol decreases migration of PMN of bovine and human origin [14, 16, 21] . In order to gain insight into the molecular mechanism by which 17β-estradiol affects PMN migration, the influence of 17β-estradiol on the expression of molecules important in PMN migration [18, 26, 32] , was evaluated. The participation of the β 2 -integrin subunits CD11b and CD18 in the migratory process is well established for human as well as for bovine PMN (reviewed in [32, 39] ). The presence and functional role of CD47 is much less documented than that of CD11b and CD18, and not yet reported for bovine PMN. Nevertheless, it has been shown that CD47 facilitates the migration of human PMN. Therefore, in a second experiment we analyzed whether CD47 is expressed on bovine PMN and whether it contributes to their migration.
The presence of CD47 on the cell surface could be confirmed by flow cytometry and fluorescence microscopy. Moreover, migration of bovine PMN through collagen coated inserts was significantly reduced after incubation with anti-CD47 antibody, for which an inhibiting activity has been shown by Seiffert et al. [30] . In analogy, anti-CD18 clearly blocked migration through collagen. The inhibition by anti-CD18 was, however, more clearly pronounced than the inhibition by anti-CD47. Nevertheless, it needs to be remarked that experiments using antibodies to assess the importance of cell surface molecules for migration, are only suggestive and do not prove the functional role of these molecules since antibodies may inhibit migration by non specific binding to PMN. Nevertheless, our suggestion about a role for CD47 in the migration of bovine PMN is further strengthened by data provided in the literature for human PMN. Liu et al. [18] describe that CD47 regulates the rate of migration of human PMN. In our study, migration through bovine mammary epithelial cells was also considered, but in this case the blocking effect of CD47-and CD18-antibodies was not significant. Since PMN diapedesis through epithelial cells was already highly reduced compared to migration through collagen, it is suggested that it was probably not possible to measure an additional reduction of migration by anti-CD47 or -CD18 antibodies. Moreover, a high variability was observed among the individual cows, which may further explain the absence of a significant reduction. We can, however, exclude that the variability for PMN diapedesis through epithelial cells was due to differences in TER of the inserts since these were kept minimal both within one cow and between cows. We also considered the possibility of increasing the migration through epithelial cells by prolonging the diapedesis time. However, the total diapedesis time was intentionally limited to 2 h and 30 min since Liu et al. [18] describe that blocking of cell surface CD47 with inhibitory antibodies does not halt but merely delays PMN migration. By further increasing the migration time, the total number of migrated PMN under CD47 blocking conditions will eventually equal that of the control. Concerning CD18, it has been described by Smits et al. [32] that anti-CD18 antibodies, compared with anti-CD11b antibodies, only partly block bovine PMN migration through bovine mammary epithelial cells.
In a final experiment we evaluated the role of CD11b, CD18 and CD47 in the underlying mechanism of a 17β-estradiol induced depression of migration of bovine PMN, by monitoring the effect of 17β-estradiol on their expression. No influence of endogenous 17β-estradiol levels was found on the CD11b, CD18 and CD47 expression. The CD11b and CD18 expression was also not influenced by 17β-estradiol treatment. We therefore suggest that 17β-estradiol levels does not influence migration by direct alteration of the CD11b or CD18 expression. In contrast, even though endogenous 17β-estradiol did not correlate with the CD47 expression, a significant decrease of the CD47 expression was observed after in vitro 17β-estradiol treatment. Since it is suggested that CD47 affects the rate of PMN migration, this decrease can partly explain the negative influence of 17β-estradiol on the migration of bovine PMN. A comparison of the differences in endogenous 17β-estradiol levels observed in the plasma of cows in the last month of gestation with those applied in the in vitro assay may explain why only an in vitro effect of 17β-estradiol on the CD47 expression was found. For the endogenous levels, the difference between the lowest and highest 17β-estradiol level was limited (i.e. 119 pg/ mL), while the difference between the control and 17β-estradiol treatment was an order of magnitude higher (i.e. 1000 pg/mL). We therefore suggest that changes in 17β-estradiol levels need to be sufficiently pronounced, as is the case in the periparturient period, in order to induce changes in CD47 expression.
Although CD11b and CD18 expression on PMN has been well studied and their importance for PMN migration is commonly accepted, the literature concerning the influence of sex steroids on their expression is only scarce. Molloy et al. describe the influence of 17β-estradiol treatment on the CD11b expression and in agreement with our results, the expression of CD11b on human PMN was not altered by 17β-estradiol treatment [22] . In contrast to our results, the CD18 expression was found to be reduced by 17β-estradiol after a 6-h incubation in the study of Garcia-Duran et al. [11] . Apart from the species differences, the use of a higher concentration of 17β-estradiol during a longer time period may explain the different outcome of our study and the study of Gandolfi et al. [10] . To the best of our knowledge, no literature is available concerning the influence of sex steroids on CD47 expression.
From this study, it can be concluded that 17β-estradiol and progesterone do not affect spontaneous apoptosis of bovine blood PMN isolated from cows in the last month of gestation. In contrast, a survival effect was observed for progesterone, but not for 17β-estradiol, on TNF-α and gliotoxin induced apoptosis. Subsequently it was shown that CD47 is expressed on the surface of bovine blood PMN and it is suggested that CD47 is involved in the migration of bovine PMN through collagen. Finally, a 17β-estradiol induced decrease of the expression of CD47, but not of the expression of the β 2 -integrin subunits CD11b or CD18, was observed. The results from this study extend the previous demonstrations of the suppressive effect of 17β-estradiol on PMN migration from cows in their last month of gestation and indicate that the altered expression of CD47 may contribute to this phenomenon. However, further research is needed to unequivocally clarify the role of CD47 in PMN diapedesis.
